A novel sheathless interface for capillary electrophoresis/electrospray ionization mass spectrometry using an in-capillary electrode  by Cao, Ping & Moini, Mehdi
SHORTCOMMUNICATION 
A Novel Sheathless Interface for Capillary 
Electrophoresis / Electrospray Ionization Mass 
Spectrometry Using an In-capillary Electrode 
Ping Cao and Mehdi Moini 
Department of Chemistry and Biochemistry, University of Texas at Austin, Austin, Texas, USA 
A simple and rugged sheathless interface for capillary electrophoresis,’ electrospray ioniza- 
tion-mass spectrometry (CE/ESI-MS) was designed using common laboratory tools and 
chemicals. The interface uses a small platinum (Pt) wire that is inserted into the CE capillary 
through a small hole near the terminus. The position of the wire inside the CE capillary and 
within the buffer solution is analogous to standard CE separation operations where the 
terminus of the CE capillary is placed inside a buffer reservoir along with a grounded 
platinum electrode. By combining the use of the in-capillary electrode interface with sharpen- 
ing of the fused silica tip of the CE capillary outlet, a stable electrospray current was 
maintained for an extended period of time. The design was successfully applied to CE/ESI-MS 
separations and analysis of mixtures of peptides and proteins. A detection limit of approxi- 
mately 4 femtomole (S/N = 3) was achieved for detection of myoglobin utilizing a 75-pm-id. 
aminopropylsilane treated CE column and using a wide scan range of 550-1300 Da. The 
advantages of this new design include (1) a stable CE and ES1 current, (2) durability, (31 a 
reduced risk of sparking between the capillary tip and the inlet of the mass spectrometer, (4) 
lack of any dead volume, and (5) facile fabrication with common tools and chemicals. (I Am 
Sot Mass Spectrom 1997, 8,561-564) 0 1997 American Society for Mass Spectrometry 
T he combination of mass spectrometry (MS) with a high-efficiency separation technique such as capillary electrophoresis (CE) provides a power- 
ful system for the analysis of complex biological mix- 
tures [ 11. Currently, electrospray ionization (ESI) serves 
as the most common interface between CE and MS. A 
crucial feature of any CE-MS interface is the method 
used to establish and maintain the electrical connection 
at the CE capillary terminus. These connections serve 
to close the CE electrical circuit and to provide a 
connection for the ES1 voltage. The methods used to 
maintain these connections can be divided in two 
general categories: sheath-flow interfaces and sheath- 
less interfaces. Comprehensive reviews of current 
CE/ESI-MS interfaces have been described by Cai and 
Henion [2] and Severs et al. [ 31. 
The sheath-flow configuration has been the most 
widely used interface for CE/ESI-MS, especially in 
commercial instrumentation. Sheathed techniques in- 
clude Smith et al.‘s coaxial system [4] and the liquid 
junction technique established by Lee et al. [5]. 
Sheath-flow configurations have several advantages, 
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including simple fabrication, reliability, and ease of 
implementation; however, these techniques also bear 
several disadvantages: (1) dilution of the analyte by 
the sheath liquid, (2) competition for available charge 
between the species present in the sheath flow and the 
analyte in the ES1 process 161, and (3) effects on separa- 
tion, solubility, or molecular conformation, which vary 
according to sheath liquid composition [7-91. In an 
attempt to remedy these problems, Severs et al. [3] 
recently developed a new CE/ESI-MS interface in 
which the terminus of the CE separation capillary and 
a short ES1 emitter capillary are connected by polysul- 
phone microdialysis tubing. The electrical connection 
is provided outside the membrane via an electrode in a 
small sheath liquid reservoir that serves to close the 
CE circuit and simultaneously establish the electro- 
spray voltage. 
The first successful sheathless coupling of CE with 
MS was reported by Olivares et al. [lo]. In this initial 
work, the outlet of the CE capillary was terminated 
within a stainless steel capillary, which functioned as 
both a CE electrode and the electrospray needle. In this 
configuration, however, there was a relatively large 
dead volume at the capillary terminus. The current 
version of the sheathless source uses a gold conductive 
coating at the CE capillary terminus to establish elec- 
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trical contact with the CE effluent 1111. Wahl and Smith 
[12] presented a somewhat similar CE-MS interfacing 
approach; however, the electrical connection to the end 
of separation capillary was made though a microhole 2 
cm from the end of the CE column. The microhole was 
sealed by conductive gold epoxy, through which elec- 
trical contact was made. Results presented by our 
laboratory [13] and others show that these types of 
designs increase sensitivity by avoiding dilution of the 
sample with the sheath liquid. However, the CE capill- 
aries made with the conductive gold tip or with the 
conductive gold epoxy have a short lifetime due to 
degradation of the gold tip or conductive gold contact 
as a result of chemical, electrochemical, and/or electri- 
cal phenomena. This degradation is a gradual process 
that interrupts electrical contact to the CE terminus 
leading to changes in migration times, instability of the 
CE current, and an unstable electrospray [121. Another 
approach to sheathless CE-MS coupling is that of Fang 
et al. [14], in which electrical contact to the CE capil- 
lary terminus is made by inserting a platinum wire 
into the outlet of the CE column. The main advantage 
of this technique is its ruggedness; however, there are 
two disadvantages associated with this method: the 
potential of arcing between the wire at the CE outlet 
and the inlet of the mass spectrometer and a nonuni- 
form spray at the CE capillary terminus. 
In this article, we report a new sheathless CE-ES1 
interface that uses the advantages of previous tech- 
niques while eliminating many of the disadvantages. 
Experimental 
The CE capillary columns were prepared from 75-Frn- 
i.d., 150~pm-o.d. capillary columns (Polymicro Tech- 
nology, Phoenix, AZ). A microscope (0.7 to 4.2 x ) (A0 
Instrument Company, Buffalo, NY) was used for con- 
struction of the capillary. The fabrication procedure is 
as follows: a 50-pm-diameter platinum (I?) wire 
(Goodfellow, Berwyn, PA) was inserted approximately 
4 cm inside one end of the CE column, hereafter called 
the CE outlet (as opposed to the inlet). Using a 2.22- 
cm-diameter abrasive disk (Small Parts Inc., Miami 
Lakes, FL) attached to a drill (DREMEL, Racine, WI), a 
small opening was made into the wall of the column 
approximately 2 cm from the CE outlet (preliminary 
data indicated no noticeable difference in results when 
the hole was made in the range of 1.5-2.5 cm from the 
CE outlet.) The 50-pm-diameter Pt wire prevented the 
capillary from breaking during the cutting process. 
After the opening was made, the 50-pm-diameter Pt 
wire was retracted (approximately 2.5 cm) until it was 
slightly beyond the new opening. A 25-pm-diameter 
Pt wire was inserted 0.2-0.3 cm into the column 
through the cut. The 50-pm-diameter Pt wire was then 
slowly pushed back into the capillary, passing the 
opening by about 0.3 cm, bending the 25-pm-diameter 
wire toward the inner wall (Figure 1). The cut was 
then sealed using epoxy (AI’S replacement adhesive, 
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Figure 1. A schematic of the in-capillary electrode interface for 
CE/ESI-MS, showing the end (outlet) of the CE column. 
Mecum Group, Waltham, MA), thereby securing the 
25-pm-diameter wire in place. The 50-pm-diameter 
wire prevented the epoxy from penetrating into the CE 
column and clogging the column. After about 5 min, 
while the epoxy was still flexible, the 50-pm-diameter 
wire was very carefully drawn completely out of the 
column. To ensure that the CE capillary remained 
unclogged, nitrogen gas was passed through it until 
the epoxy was cured. Using a flame, 0.5 cm of the 
outside polyimide coating at the terminus of the capil- 
lary was removed. To sharpen the tip of the CE col- 
umn, the exposed fused silica portion of the tip was 
etched with a 50% hydrofluoric acid (HF) solution for 
about 15 min. Helium gas was passed though the 
column during the etching process to minimize en- 
largement of the CE outlet. A similar CE capillary was 
also prepared with a gold coated tip using a sputter 
deposition system (Materials Research Corporation, 
Orangeburg, NY). 
For the CE separations of small peptides, a 45-cm- 
long capillary was used in which the inner wall was 
chemically modified with aminopropylsilane (AI’S) ac- 
cording to the procedure of Figeys et al. [15]. This 
procedure, however, did not produce adequate separa- 
tion for large peptides and for proteins. For these 
analyses , a longer column (80 cm> was used in which 
the inner wall of the CE capillary was derivatized 
using the AI’S derivatization procedure developed by 
Moseley et al. [ 161. For the experiments presented here, 
the chemical modifications were performed prior to 
the insertion of the Pt wire. The AI’S derivatization 
following Pt wire insertion has also been performed, 
but within combined experimental errors, the differ- 
ence in results were insignificant. 
As a result of the AI’S surface modification and the 
acidic buffer solution used, the inner wall of the capil- 
lary has a net positive charge. This results in an elec- 
tro-osmotic flow in the opposite direction of uncoated 
fused-silica capillaries. Therefore, for small peptides, 
electrophoresis was performed at an applied potential 
of - 278 V/cm ( - 9.0 kV at the CE capillary inlet and 
+3.5 kV at the electrospray terminus). For protein 
analysis, the applied potential for the CE separation 
was - 288 V/cm (-20.0 kV at the CE capillary inlet 
and +3.0 kV at the CE electrospray terminus). The 
buffer solution (0.01 M acetic acid) was prepared using 
distilled water (Bamsted NANOpure II, Boston, MA) 
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and acetic acid (Baxter Healthcare Corporation, Mc- 
Gaw Park, IL). 
Sodium hydroxide (NaOH), hydrochloric acid (HCl), 
and hydrofluoric acid (HF) solutions were purchased 
from Fisher Scientific Company (Fair Lawn, NJ). Argon 
and helium gases were purchased from Wilson Oxy- 
gen & Supply Co., Inc. (Austin, TX). All other chemi- 
cals (including peptides, proteins, and AI’S) were pur- 
chased from Sigma Chemical Company (St. Louis, MO) 
and used without further purification. All solutions 
were filtered through a syringe filter 13 mm/ 0.5 pm 
(Baxter Scientific, Grand Prairie, TX). The CE instru- 
ment used was a P/ACE System 2100 (Beckman In- 
struments, Fullerton, CA, USA) operating with Beck- 
man System Gold software. The running buffer for all 
CE separations was a 0.01 M acetic acid aqueous solu- 
tion (pH = 3.2). Prior to each set of measurements, the 
capillary was conditioned with the buffer for 5 min. 
For all sample injections, the outlet of the CE capillary 
was held at ground potential. The ES1 interface used 
for these experiments was built in-house [17] for a 
Finnigan MAT TSQ 70 mass spectrometer (San Jose, 
CA). 
Results and Discussion 
The stability and reliability of the electrical contact at 
the CE terminus is a crucial aspect for successful 
electrophoresis. With our design, electrical contact is 
reliably maintained by placing the electrode inside the 
CE capillary through a small hole in the capillary wall 
near the terminus. This electrode acts both as the low 
voltage electrode of the CE electric circuit and as a 
connection for the electrospray ionization voltage. The 
stability of the CE current was tested for the m-capillary 
electrode CE/ESI-MS sheathless interface utilizing the 
column and parameters established above for small 
peptide analysis. The CE current was stable at 2.5 
PA + 0.25 PA for 50 min (maximum time studied). 
Unlike other sheathless interfaces in which the CE 
capillary tip is either gold coated or a wire is inserted 
into the outlet of the CE capillary, with our in-capillary 
electrode design, stable CE and electrospray currents 
were achieved over long periods by simply sharpening 
the fused silica tip of the CE capillary. With no metal 
at the tip, one can place the capillary terminus much 
closer to the inlet of the mass spectrometer with mini- 
mal arching possibility. The electrospray ion signal 
intensity of a column with a bare fused silica tip was 
compared to that of a column with a gold coated tip 
using the in-capillary electrode design for both 
columns. It was found that, within the experimental 
error, the intensities and stability of the ES1 ion signals 
were similar for both tips. Additionally, no noticeable 
background chemical noise due to direct contact be- 
tween the epoxy and the electrolyte solution was ob- 
served in the mass range of our studies. Moreover, 
since some CE separations require a CE buffer contain- 
ing 10% methanol [15], several CE/ESI-MS experi- 
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ments were performed under this condition, and no 
sign of epoxy deterioration was observed. 
To evaluate the overall performance of the sheath- 
less in-capillary electrode electrospray interface design, 
a mixture containing three dipeptides (Val-asp, Phe- 
val, Leu-phe) and one eight residue peptide (Val-his- 
leu-thr-pro-val-glu-lys) (0.1 mg/mL each peptide) was 
electrokinetically injected into the capillary using - 5.0 
kV potential difference across the capillary with a 
duration of 5 s. All compounds were resolved and 
detected in less than 4 min. The mass spectra of each 
peak of the electropherogram showed a protonated 
molecule as the base peak for the dipeptides and the 
doubly charged ion as the base peak for the eight 
residue peptide. For this experiment, the mass spec- 
trometer was operated under a wide scan mode 
(180-480 m/z, 1 s/scan). 
The utility of this design for protein and peptide 
analysis was demonstrated by analysis of a mixture 
containing 0.25 mg/mL myoglobin (MW = 16,951 Da), 
cytochrome c (MW = 12,360 Da>, and gramicidin S 
(MW = 1,141 Da) in H,O + CH,OH + CH,COOH 
(47:47:6, v/v). The injection was performed using - 5.0 
kV potential difference across the capillary with a 
duration of 3 s. Under these injection conditions, ap- 
proximately 140 fmole each of myoglobin and cy- 
tochrome c, and 2.6 pmol of gramicidin S were injected 
into CE capillary [lS]. The mass spectrometer was 
operated under a wide scan range (550-1300 m/z, 2.0 
s/scan). Figure 2 shows the total ion electropherogram 
obtained from the analysis of this mixture, and Figure 
3 shows the corresponding mass spectra of each peak. 
Comparison of the results presented in Figures 2 and 3 
with those previously reported for a similar mixture 
using sheathed CE/ESI-MS [161 indicate that the in- 
capillary electrode design exhibits higher sensitivity 
and lower background chemical noise. In addition, 
Tie (min.) 
Figure 2. Total ion electropherogram of a protein mixture using 
the in-capillary electrode CE/ESI-MS sheathless interface. A, 
gramicidin S; B, myoglobin; and C, cytochrome c. Unmarked 
peaks were not identified. 
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Figure 3. CE/ESI-MS spectra corresponding to the peaks of 
Figure 2. A, gramicidin S; 8, myoglobin; and C, cytochrome c. 
because of the in-capillary electrode design, there is no 
dead volume at the interface. Under the experimental 
conditions explained above, a detection limit of ap- 
proximately 4 femtomoles (S/N = 3) was achieved for 
myoglobin. This detection limit is lower than some 
CE-MS experiments where a 75-mm-i.d. column and 
wide scan range mode were used 116, 193. However, 
our results are comparable to or, in some cases, less 
sensitive than results of some other CE/ESI-MS exper- 
iments, where a narrower capillary and/or selected 
ion monitoring (SIM) mode were used [3, 15, 201. 
Considering the fact that our detection limit was 
achieved utilizing a 75-pm-i.d. CE column and using a 
wide scan range of m/z 550-1300, a considerably 
lower detection limit is expected when a narrower 
capillary and/or SIM mode are employed. Effects of 
the following experimental parameters on sensitivity 
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and resolution are under study: scan mode, buffer 
condition, CE column i.d., inner capillary coating, in- 
capillary electrode size (thickness and length), position 
of the Pt electrode in the CE capillary, and the CE 
column’s outlet tip shape and size. 
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